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, and respectively in its HS and LS states. Besides the initial and final state 1i and 1f (HS and LS), datasets were obtained for situations where a new intermediate phase 1t coexists with either 1i and 1f or both. The images then contain diffraction patterns from two or three samples: the initial LS compound 1i, a LS/HS mixed-spin intermediate 1t and the final HS product, 1f, which is systematically twinned in these mixtures. The two to four necessary orientation matrices were determined using CELL_NOW and RLATT, [1] and combined into an orientation matrix file (*.p4p). For the initial situation of 1i + 1t, reflections were integrated in a standard manner with SAINT [1] as a two-component system. For the 1i + 1t + 1f and 1t + 1f situations, in which the crystals were more damaged, separation and integration of the three or two lists of reflections were done with the SAINT [1] integration engine used in command line mode, and set up with a sample mask. For each datasets, the structures of the different phases present were solved and refined by full-matrix least-squares on F 2 with SHELX-TL. [1, 2] Details of the treatment of the dataset corresponding to the more complicated case of coexistence of the three phases are given below. Crystallographic and refinement parameters are provided in Tables S1 and S2 , respectively for the cases of coexistence of phases and the HS and LS phases of 1f.
Sample mask in SAINT:
SMAP=1, 2, 3, 3 This indicates that the first orientation matrix belongs to sample 1, the second belongs to sample 2 and the third and fourth belong to sample 3.
For all commands relating to cell or symmetry later on, comma-delimited lists were used to specify distinct parameters. 
S4
Refinement process:
The refinements of the Initial and Final structures were done almost identically as previously published, with the exception of how the disordered ClO 4 -were handled. In the present cases, disordered anions were refined isotropically, to reduce the strain on the low data: parameter ratio. A RIGU instruction was also used in both of these cases. The Final data set was truncated at 0.97Å, due to poor I/σ and R int .
The intermediate structure, called 1t, is the transition state during a conversion from low spin to high spin. This conversion requires the loss of a solvent molecule (acetone in this case) and creates a sample with severely reduced crystallinity from a nearly perfect crystal. The diffraction of the intermediate was poor beyond 1.2 Å (I/σ < 2.0, R int > 30%), therefore the data was truncated. This has resulted in very few data points per parameter.
The solvent molecule that is present in the final high spin sample cannot be found in this structure. SQUEEZE [3, 4] was used to look for un-modeled electron density, and all that was found was 3 electrons in a void measuring 125. 3 Å 3 This leads us to conclude that the acetone molecules are so disordered during this meta-stable state, that their scattering contribution is not detected in the Bragg scattering, and these molecules may only contribute diffuse scatter. All hydrogens were assigned geometrically and refined as riding, with U(H) = 1.2*U(C) for aromatic carbons, U(H) = 1.2*U(N) for nitrogens and U(H) = 1.5*U(C) for terminal carbons. A RIGU command was employed in this refinement as well.
The disordered perchlorates were modeled as split sites isotropically, using the following restraints: SADI_ClO4 0.01 Cl1 O1 Cl1 O2 Cl1 O3 Cl1 O4 SADI_ClO4 0.02 O1 O2 O1 O3 O1 O4 O2 O3 O2 O4 O3 O4 Powder X-ray diffraction.
Temperature-dependent XRPD data from temperature-dependent studies have been applied to monitor the solid-state transformation. A polycrystalline sample of 1i was obtained by fragmenting large single crystals to fill a 0.7 mm borosilicate capillary. XRPD data was collected with an Empyrean PANalytical powder diffractometer, using Cu K α radiation. An initial dataset was collected at room temperature in the 2θ range 5-40 º to check the phase purity of the sample. Subsequent measurements were performed at 350 K collecting a pattern every 10 minutes. Pawley refinements [5] were performed on each powder pattern using the TOPAS computer program. [6] The observed and calculated diffraction patterns are shown in Figure S15 every 100 min, revealing an excellent fit to a two-phase model, 1i and 1f. This indicates the absence of any other detectable crystalline phase thus showing a gradual evolution from 1i to 1f without a trace of the transient phase 1t. A detailed view of a selected 2θ range (6.0-10.0º) is presented in Figure 3 in the main text, showing that upon heating at 350 K, the intensity of the peaks corresponding to 1i successively diminishes while new peaks corresponding to 1f grow in intensity.
Differential Scanning Calorimetry (DSC).
DSC experiments were performed with a Q1000 calorimeter from TA Instruments equipped with the LNCS accessory. The temperature and enthalpy scales were calibrated with a standard sample of indium, using its melting transition (156.6 ºC, 3296 J mol -1 ). The measurements were carried out using aluminum pans either open to the N 2 atmosphere of the setup or closed with a mechanical crimp, with an empty pan as reference.
Optical microscopy and Raman spectroscopy.
Optical images were collected in transmittance mode using the Olympus BH-MA-2 microscope of the Raman spectrometer (see below) and a X5 objective lens. All thermal treatments were done placing the crystals on a quartz plate within a Linkam TS1500V stage. Note that the colours are as captured, but clearly depend on the thickness of the crystal and the exposure time. The exposure time was maintained constant for each crystal so that this parameter was not varied. A few images were also collected in reflectance mode under the same conditions. Raman spectra were obtained with a DILOR XY spectrometer equipped with a liquid N 2 -cooled CCD detector. Scattered light was collected through an X50 microscope objective lens of an Olympus BH-MA-2 microscope. The Si band at 520 cm -1 was used for frequency calibration. In a first series of experiments, the 514.53 nm line of an Ar + laser was used as the excitation source, operating with the lowest power of the laser, i.e. 1 mW. The corresponding power at the sample surface was estimated in-situ at 0.05 mW, resulting in poor signal. Unfortunately, with larger excitation powers, the material was found to be partially transformed or even partially decomposed, due to the strong absorption of the material in its LS state. Thus, all experiments reported here were done using the 632.8 nm line of a HeNe laser with a 15 mW nominal power as the excitation source. The power at the sample surface was estimated to be ca. 0.45 mW, and was found to have no effect on the sample, being out of the absorption bands of both the LS and HS phases. Figure S18. Transmission optical microscopy images taken on a single crystal of 1i covered with little Paraton N grease at 50ºC a), then passed different amounts of time at 105ºC b) through h), after being cooled back to 50ºC i), and finally at several temperatures during the subsequent warming process up to 140ºC j) through r). These images capture different moments of the SCSC sequential transformation corresponding to 1i → (1i + 1t) → (1i + 1t + 1f) → (1t + 1f) → 1f.
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Figure S19. Transmission optical microscopy images taken on two single crystals of 1i covered with little Paraton N grease and having been submitted to a common thermal treatment: warming to 105ºC, isotherm at 105ºC for 10 min, cooling to RT, warming again to 105ºC, isotherm at 105ºC for 4 min. Not shown here are a further cooling to RT and finally warming to 140ºC at 5ºCmin -1 . Top: the crystal features many cracks and fissures causing the 1i → 1f transformation to be almost complete after the first warming step. Bottom: the crystal is of great quality, which slows down significantly the transition; after the first warming step only a small portion of the crystal has transformed (RT 2) and a second warming step is necessary to bring the transformation further significantly. Fig. S12 top) . The indicated areas have Raman spectra characteristic of either the initial phase 1i or the transformed phase 1f. Bottom: Characteristic Raman spectra of the crack areas compared with those of the initial 1i and transformed 1f phases. Dashed vertical lines and area as well as stars highlight bands (or absence of bands) that indicate the "crack" spectra cannot be ascribed to neither the 1i nor 1f phase.
